Abstract Under the present study, an attempt was made to characterize rhizobacteria i.e. Pseudomonas and Bacillus species isolated from rhizosphere of carnation to evaluate their growth promoting effect on carnation so as to select and develop more effi cient indigenous plant growth promoting and disease suppressing bioagents of specifi c soil type and specifi c plant type. Maximum strains of Pseudomonas and Bacillus sp. showed signifi cant antimicrobial activities against most of the microorganisms tested. On the basis of in vitro antagonistic activities ,the best strains were selected and used in fi eld trial to study the infl uence of these strains on the growth of carnation. Results have shown marked effect on growth parameters and disease incidence has also been reduced signifi cantly.
Introduction
Carnation is an important cash crop. The most devastating disease of carnation is wilt caused by Fusarium sp. and Rhizoctonia sp. In recent years biological control has emerged as an important alternative method in managing soil borne plant diseases. Several rhizobacteria have been used extensively as biological agent to control many soil borne plant pathogens (Amico et al. 2005 ;Raj kumar et al. 2005 ). Rhizobacteria exert their benefi cial effect on plants by various mechanisms viz. siderophore production, HCN, antibiotics, lytic enzymes, competition and by inducing systemic resistance (Pieterse et al. 2001 ; Tag et al. 2003) .
Rhizosphere organisms exhibit strong antagonistic activities against bacterial and fungal pathogens which can cause enormous loss to crop. This loss can be minimized by chemical or biological means. Hence the present study is aimed to isolate and characterize Pseudomonas and Bacillus sp. for biological control and also to promote plant growth activities.
Samples were collected from rhizosphere of carnation. Isolation was done using standard serial dilution method and media employed were nutrient agar, Bacillus agar and King's B (for Pseudomonas) and identifi ed on the basis of morphological and biochemical tests as per their genera laid down in Bergey's Manual of Systematic Bacteriology and were named as per the name of site from where samples were collected .
All the bacterial isolates were screened out for antagonism against the plant pathogens (Fleming et al. 1975 ). Culture bit of each indicator bacteria bored with the help of sterile cork borer and was placed on the side of prepoured plate of nutrient agar in duplicates already having a lawn of indicator bacteria. In this method, wells were cut on nutrient agar plates and 100 μl of 72 h old cell free culture supernatants of test strains were added to each well on nutrient agar plates having lawn of indicator bacteria . Plates incubated at 37°C and 28 ± 2°C for Bacillus sp. and Pseudomonas sp. respectively for 24-48 h and observed for formation of clear zone of inhibition around well and bit against control. For testing of antifungal activity 72 h old bit of indicator fungi were placed on one side of prepoured potato dextrose agar plate in duplicates and on the other side of plates well was cut with the help of sterile cork borer. 100 μl of 72 h old cell free culture supernatant of each bacterial strain was added to each well. Plates were incubated at 28 ± 2°C for 3-5 days and observed for clear zone formation around well against control. On the basis of antagonistic activities four strains were used in fi eld to study the effect of isolates on the growth and disease incidence in carnation in comparison to control at the concentration of 8 × 10
8 CFU/ml. The most effective mechanisms that a PGPR (plant growth promoting rhizobacteria) can employ to prevent growth of phytopathogen is the synthesis of antibiotics. The Pseudomonas and Bacillus strains isolated from carnation were screened out for the in vitro production of antibacterial and antifungal activities (Figs. 1, 2 ) against various plant as well as human pathogens. Present isolates from the rhizosphere of carnation were found to be effective against various bacteria and fungi, indicating that antagonistic metabolites may be broad spectrum in nature like antibiotics.Where the Pseudomonas sp. and Bacillus sp. contain one or more than one type of secondary metabolites has not been ascertained. It may be due to that the microorganisms selected from rhizosphere enrichment environment may be so diversifi ed and may be able to produce bioactive substances and biocatalysts due to environmental stress conditions (Steele and Stowers, 1991) . In the present study Pseudomonas isolates had shown the better antagonistic activities than Ba- cillus sp. Most of the Pseudomonas isolates have inhibited plant pathogens, as B. subtilis inhibited by ~90% isolates, B. cereus by ~80% isolates and Xanthomonas by ~40% isolates. Among Bacillus isolates only two isolates were able to inhibit the above plant pathogens. Among the various isolates of Pseudomonas four strains were found to give best antagonistic activities against all tested pathogens. Antibiotics are secondary metabolites produced by microorganisms, plants and made synthetically. They play a role in disease suppression of bacteria and fungi. Microbial interactions in the rhizosphere of plants are of considerable importance to agriculture (Harrison et al. 1993; Pal and Jalali, 1998) . Bacteriocins are the simple protienaceous metabolites that are antimicrobial to other closely related organisms and inhibit the growth. Bacteriocins from Pseudomonas sp. can be used against Staphyllococus sp. Xanthomonas sp. Erwinia sp. (Padilla et al. 1996) . Similar activity may also be produced by our Pseudomonas and Bacillus sp. (Figs. 1, 2 ) isolated from rhizosphere of carnation. Biological control of plant diseases using antagonistic bacteria may be alternative approach to the use of hazardous chemical fungicides (Meena et al. 2000) .
Result of fi eld experiment revealed that effect of organisms were statistically signifi cant over control. Disease incidence was reduced upto 40 % as compared to control. This may be due to the secretion of antibiotics or secondary metabolites by the bacteria in root system which inhibited the phytopathogens. Despite of reduction of disease incidence an increase in growth parameters was also obtained, like shoot length was found to increase by 10%, yield was increased by 40%and fl ower diameter was also increased. This study has shown that these rhizosphere organisms have plant growth promoting potential and biocontrol activities. This growth promotion may be due to other mechanisms as production of siderophores, growth regulators, lytic enzymes etc.
Root colonization is another important factor in biological control of soil borne plant pathogens. Cook (1993) showed that bacteria isolated from rhizosphere of a specifi c crop showed a better control of diseases than organisms isolated from other crops. Therefore in present study the antagonists were isolated from rhizosphere of carnation and applied in carnation to study the biocontrol effect.
These indigenous strains isolated from specifi c plant and specifi c soil type may prove to be novel PGPR strains for carnation. They can reduce the disease incidence and will improve the fertility status of soil and may also protect the environment and will be cost effective. These strains can also be used as plant growth promoting bioagents for growth promotion and good health of plants.
